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Recently we have demonstrated that, besides Vy5+ 
ylo TcR+ T cells (Vy5+ ylo T cells), Vy5- ylo TcR+ 
T cells (Vy5- ylo T cells) are also present in murine 
skin. In the present study, to characterize the func-
tional differences between these two different cuta-
neous y/o T cells we examined the expression pattern 
o£ E-cadherin and its two integrins. Mter co-cultur-
ing ofLy-5 + epidermal cells and migrating cells from 
organ-cultured murine skin with cutaneous stromal 
cells, we could expand Vy5+ y/o T cells and Vy5- y/o 
T cells, respectively. Flow cytometry demonstrated 
that cultured Vy5 + y/o T cells expressed E-cadherin, 
but Vy5- ylo T cells did not. This difference in 
E-cadherin expression was also observed in freshly 
isolated Vy5+ and Vy5- ylo T cells. On the other 
I t is w ell known that murine epidennis contains Thy- 1 ~­CD3 + CD4 - CDS - y/8 T -celJ receptor (TcR) + d endritic T cells (T hy-1 + DEC) [1 ,2]. Most of these T hy-1 + DEC are the Vy5-Jy1-Cy1 and V 81-J 82- C8 subset without structural diversity in their TcR [3 ,4]. T hey are shown to derive from 
early fetal thymus [3]. Meanwhile, the presence of another Thy-l + 
DEC, consisting of the Vy1-J y4- Cy4 and V86-J81 - C8 subsets with 
junctional diversi ty on their TcR , has been reported in a thymic and 
euth ymic mouse skin by several authors [5-7]. Although Payer et a/ 
[7] clearly dem o nstrated by immunofluorescence staining the pres-
ence ofVyS - y/8 TcR + T celJs (VyS - y/8 T cells) in the epidennis 
of old a thymic nude mice, theit presence in the epidennis of young 
euthymic mice has not been demonstrated . In addition, so £u· it has 
been impossible to collect eno ugh VyS - y/8 T celJs from the skin to 
analyze their fimctional and phenotypic characteristics . R ecently, we 
have found that the cells migrating from organ-cultured murine skin 
contain VyS - y/8 T cells as well as Langerhans cells (LC) [8]. 
Furthermore, w e could e"-pand these VyS - y/8 T cells in a co-cultute 
with a cutaneous stromal cell line (CSC ) tl1at we established [9]. These 
studies clearly demonstrated the presence of y/8 T cells otl1er than 
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hand, both V y5 + and V y5- yl o T cells expressed the a 
chain of the vitronectin receptor, but did not express 
the a4 integrin. Of these two cutaneous y/o T cells, 
only Vy5+ ylo T cells adhered to murine keratinocyte 
cell line, PAM 212 cells. Unexpectedly, however, the 
adhesion of E-cadherin-expressing V y5 + yl 0 T cells 
to PAM 212 cells was not inhibited by anti-E-cadherin 
antibody, which effectively abrogated the adhesion of 
Langerhans cells to PAM 212 cells. These distinct 
phenotypic and functional characteristics in the sub-
sets of cutaneous y/o T cells may suggest that they 
reside in different locations in the skin to play differ-
ent functional roles in skin immunophysiology. 
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VyS + y/8 T cells in tl1e murine skin, altl10ugh tl1e precise localiza tion 
o r the biologic role ofVyS - y/8 T cells , or tl1e functional dilferences 
between VyS - y/8 T cells and VyS + y/8 T cells have not been 
detennined. 
In this study, to characte t;ze the functional differences between 
these two subsets of murine cutaneous y/8 TcR + T cells (y/8 
T celJs), we exa mined their expression of several adhesion mole-
cules, such as vitronectin receptor, a4 integrin, and E-cadherin. 
Roberts et a/ [1 0] demo nstrated that y/8 T cells, using Cy4 and 
V 86, express vitronectin receptor as an accessory molecule for their 
activa tion . On the other hand, T ang and Udey [11) and we (1 2] 
have recently demonstrated E-cadherin expression and a4 integrin 
expression on murine Langerhans cells, respectively. E-cadherin 
expression by LC was suggested to play a pivotal role in the 
interaction of LC with epidennal kerat::inocytes, whereas a4 inte-
grin was speculated to mediate the mig ration of LC from the skin 
to the regional lymph nodes. In the murine skin, in addition to LC, 
Thy-1 + DEC, i.e., VyS + y/8 T cells, are also well know n to reside 
in the epidermis. Therefore, it is reasonable to speculate that 
epiderm al y/8 T cells also express those molecules. Using a 
co-culture system with esc, we succeeded in expanding bo tll 
VyS - and VyS + cutan eous y/8 T cells , th e flow-cytometrical 
anal ysis of which clearly demonstrated E- cadherin expression o nly 
on VyS + y/8 T cells, and vitronect:in receptor expression on both 
VyS - and VyS + cutaneous y/8 T cells . In addition, only VyS + y/8 
T cells w e re demonstrated to adhere to PAM 212 cells. 
MATERIALS AND METHODS 
Antibodies The following monoclonal antibodies (MoAb) were used: 
MS/ 114.5.2, specific for I-A (b, d, q haplotypes) and 1-E (d, k haplotypes) 
obtained from American Tissue Culture Collection {ATCC), Rockville, 
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MD; anti-Thy-1.2, F!TC-conjugated anti-T hy-1.2, anti-L3T4, and anti-
Lyt- 2 antibodies from Becton Dickinson Immunocytochemistry Systems, 
Mountain View, CA; anti-mo use E-cadhcrin antibody (ECCD-1) from 
Takara Biomedicals, Kyoto, J apan; anti-Ly-5 .1 antibody from Dupont-
NEN Research Products, Boston, MA; anti-CD3E chain, anti-a//3 T cR, 
anti-y/6 TcR, and anti-Vy5 TcR antibodies from PharMingen, San Diego, 
CA; anti-a4 integrin (PS/2, a gift from Dr. K. Miyake, Department of 
Immunology and Serology, Saga Medical School, Saga, Japan [13]); and 
anti-a-chain of vitronect:in receptor (RMV-7, a gift from Dr. H. Yagita , 
Department of Immunology, Juntendo University School of M edicine, 
Tokyo, J apan [14]). Purified rat lgG 2 b , and fluoresce in .isothiocyanate 
(FITC)-conjugated rat IgG2b (PharMingen) and hamster IgG (Cappel/ 
Cooper Biomedical, lnc., Malvem , PA) served as controls. T he FlTC-
conjugated F(ab' }, fraction of anti-rat IgG and FITC-labeled F(<~b') 2 
fraction of anti-hamster l g (Caltag, South San Francisco, CA) were used as 
second-step reagents. 
Cells Epidem1al cell s were prepared from BALB/c mice according to the 
procedures reported by Aiba and Katz [1 5] and Tang el nl [1 6]. For 
an alyzing E-cadherin expression on T hy-1 + DEC, the skin sheets w ere 
incubated w ith 0.5% trypsin in calcium and magnesium-free Hanks' solution 
containing 1 mM CaCl2 . To obtain T hy-1 + DEC-enriched populations, 
these epidermal cells were applied onto Lympholyte M gradients (Cedarlane 
Laboratories Limited, Canada) and the interface cells (!C) were recovered , 
washed three times, and suspended in complete medium. These !C were 
also used as LC-enriched populations. 
To obtain migrating cells, o rgan cultures of car-skin sheets were per-
formed according to the previously reported procedure [8]. After 3 d of 
culture, sheets were aseptically removed from the well s and migrating cells 
w ere collected and filte red thro ugh nylon mesh. 
In contrast, to collect Ly-5 + epidermal cells, the IC were serially treated 
with anti-Ly-5.1 antibody, and sheep anti-mo use lg-coupled magnetic 
beads (Dynal, Oslo, Norway). Finally, Ly-5 + ep idermal cells were posi-
tively selected by a magnetic particle concentrator (Dynal) according to the 
manufacturer 's in structio ns. 
Co-Culture of Migrating Cells with Stromal Cells A fibrob last-like 
CSC clone from BALB/c mice, 12E2, was used. The functional and 
phenotypical characteristi cs of these cell s were described elsewhere [8,9]. ) 
Twenty thousand 1. 2E2 cells were plated on a 24-well tissue-culture plate 
(Falcon) . Two days later, the migrating cells or Ly-5 + epidennal cells (5 X 
10'1) were added to the monolayer of these cells and cultu red at 37°C (95% 
air/5% C02 ) in the presence of 100 U/ml lL-2 (human recombinant lL-2, 
Takeda C hemica l lnc., Tokyo, Japan). After 14 d of culture, the small 
lymphoid cells were collected by gentle pipe tting and their surface pheno-
types were analyzed by A ow cytometry. 
Flow Cytometry T he surface phenotypes of the proliferating cell s from 
the migrating cells or Ly-5 + ep idermal cell s were identified using va rio us 
MoAb on a FACScan (Beckton Dickimon). Briefly, ce ll s were serially 
treated with MoAb for adh esion molecules and the FITC-conjugated 
F(ab') 2 fraction of anti-rat-lgG, or anti-hamster Ig, which were chosen 
depending on the species of the MoAb used. After washing with phosphate-
buffered saline supplemented witl1 1% fetal bovine se rum and 0.02% NaN3 , 
all cells were treated with propidium iodide before analysi s to exclude dead 
cells. T hirty thousand events were examined in a gated population of viable 
cells. For tl1e analysis ofE-cadherin expression on freshly isolated y/6 T cells, 
d1e !C and the migrating cells were serially treated with anti-E-cadherin or 
control rat MoAb, phycoerythrin-conjugated F(ab')2 fraction of anti-rat-Ig, 
1 O'Yo nonnal mouse serum in phosphate-buJfered saline, and FITC-coo"Uugated 
Thy-1.2 or FITC-coqjugated rat control MoAb. Finally, tl1cy were analyzed on 
a FACScan. 
Adhesion of Cultured Vy5 + y/o T Cells and Vy5- y/o T Cells to 
Transformed Keratinocyte C ell Line PAM 212 Vy5 + y/6 T cells and 
Vy5 - y/8 T cells were obtained from Ly-5 + epidermal cell s and the 
migrating cells, respectively, 2 weeks after the co-culture with 12E2. T he 
cells (5 X 104 /well) suspended in modified Eagle's medium with l. % bovine 
serum albumin were added to the culture of a transformed murine 
keratinocyte cell line , PAM 212 ce ll s [17] (a gift from Dr. S. l. Katz, 
N ational Can cer Institute) in Chamber slides (Lab-Tee), and incubated fo r 
1 h. After the incubation, they were washed with modified Eagle's mediwn 
with 1% bovine serum albumin . The number of adherent cell s in each 
chamber was counted u1 three randomly chosen square fi elds (100 [.1.111 X 70 
[.1.111) u.nder a phase-contrast microscope and the mean numbers of adherent 
cells were obtained. Then the mean ::!:: SD of the mean num bers of adherent 
cc\]s from three diJferent chambers was expressed for each group. The 
Chamber slides were also stained with the combination of anti-T hy-1 
antibody and FITC-conjugated anti-rat Ig to confirm the adhesion of 
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Figure 1. E-cadherin is expressed by cutaneous Vy5+ y/6 T cells but 
not by Vy5 - y/o T Cells. Ly5 + epidermal cells and the migrating cells 
were cultured for 14 d with CSC, 12E2, and interleukin-2, and were stained 
with various MoAb indicated (solid line). l sotype-matched nonreactive 
MoAb were used as nega tive controls (dotted /iue). Cmpl1s represent cell 
number versus logari thm of flu orescence intensity. 
Thy-1- bearing cells. As a positive control, LC-enricbed po pulations were 
al so applied on PAM 212 cell s and stained with anti-I-A'1 MoAb (MK.D 6, 
ATCC). In some experiments, these cultures were treated witl1 anti-E-
cadherin (ECCD-2 from Taka.ra Biomedkals, 200 [.l.g/ml) or isotype-
matched control antibody. 
R E SULTS 
E-cadherin Is Differently Expressed by Cutaneous Vy5 + 
and VyS - y/o T Cells Our previous study h as revealed the 
presence ofVyS - y/8 T cells in addition to V yS + y/8 T cells in the 
murine skin . In tlus study, to characterize the diffe re n ces b etween 
these two different subse ts of cutaneous y/8 T cells, we examined 
their expression of several adhesion molecules. From the 14 d 
co- culture of 12E2 with Ly-5 + epidermal cells and the migrating 
cells, approJ.:imate ly 10 X 106 ce lls of more than 90% purifie d VyS + 
y/8 T cells and VyS - y/8 T cells were obtained, respectively. Flow 
cytome try shown in Fig 1 demonstrate d tha t a ll VyS + y/8 T cell 
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Figure 2. The IC and the migrating cells freshly obtained also 
differed in the expression of E-cadherin. The IC and the migrating 
cells were first stained with the combination of rat Ig control or anti- E-
cadherin MoAb and PE-anti-rat Ig antibody and dten treated wid1 FITC-
Thy-1.2 or FITC-rat MoAb. 
expressed E-cadherin, whereas none of the V-yS - -y/ 8 T cells 
expressed it, in a strilcing contrast to their similarity in expression of 
the two integ6ns, vitronectin receptor a and a4 integrin. Namely, 
both V-yS - and V-yS + -y/8 T cells expressed vitronectin receptor a, 
but neither expressed a4 integrin. 
Next, to study whether tlus dilference in the e:\."jJression of 
E-cadherin by these cutaneous -y/8 T cells occurred only after in 
vitro culture with CSC, we examined the E-cadherin expression on 
T hy-1 bcig;ht+ cells in the I C and on Thy-1 + migrating cells. We 
reported that Thy-1bcight+ IC are Thy-1 + DEC (18] , and approx-
imately 98% of these Thy-1 + DEC in BALB/c mice have been 
reported to be V-yS + cells (4] . On the other hand, we have recently 
demonstrated that Thy-1 + migrating cells are composed of V-yS -
y/8 T cells [8]. Flow cytometry (Fig 2) revealed that Thy-1bci~;ht+ 
IC expressed E-cadherin, whereas Thy-1 + migrating cells did not, 
suggesting that even freshly isolated V-yS + -y/a T cells express 
E-cadherin. 
Only Vys+ yl o T Cells, But Not VyS- y/i.i T Cells, Adhered 
to PAM- 212 Because it was clear that there is a marked differ-
e nce in E-cadherin expression between V-yS - and V-yS + -y/a T 
cells, we next examin ed their adhesion to PAM 212 cells (Fig 3). 
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Figure 3. Cutaneous Vys+ T cells, but not Vys - y/8 T Cells, 
adhered to PAM 212 cells. Cultured VyS + -y/8 T cells or Vys · y/8 
T cells (5 X 10'1/well) (n) and the IC (b) were added to PAM 212 cells 
culn1red in Chamber slides (L1b-Tec), and incubated for 1 h. Mter 
incubation, they were washed with modified Eagle's medium with 1% fetal 
bovine seriwn, and the number of adherent cells was counted under dte 
phase-contrast microscope. The number of adherent cells in each chamber 
was counted in three randomly chosen square fields (1 00 p,m X 70 p,m) 
under a phase-contrast microscope and the mean numbers of adherent cells 
were obtained. Then the mean ::':: SD of the mean numbers of adherent cells 
from three different chambers was expressed for each group. In d1e 
experiment using the IC, the Chamber slides were stained with anti-l-Ad 
MoAb and FITC-conjugatcd anti-mouse lg, and I-A d + cells were counted. 
When we added the cell suspensions composed of approximately 
90% V-yS + y!a T cells to PAM 212 cells, we found significant 
numbers of adherent cells on PAM 212 cells. The adhering cells 
were confirmed to express Thy-1 antigen by immunofluorescence 
staining. In contrast, when we added the suspensions composed of 
approximately 90% V-yS - -y/a T cells, we could find almost no 
adhering cells. Howeve r, the addition of anti-E-cadherin antibody 
at the begimung of the culture did not suppress the adherence of 
V-yS + -y/ a T cells to PAM 212 cells. The same procedure using the 
same concentration of anti-E-cadherin antibody significantly abro-
gated the adhesion ofLC to PAM 212 cells (Fig 3) . These data were 
confirmed by repeated experiments. 
DISCUSSION 
Cadherins are a fanl.ily of Ca + ·•--dependent cell-cell adhesion 
receptors that are important for the formation of physical cell-cell 
associations [19]. Recently, Tang et a/ [11] have reported that 
epidermal LC express E-cadherin and that they adhere to kerati-
nocytes in vitro through E-cadherin. In the murine slcin, there is 
another bone marrow-derived cell popula tion, Thy-1 + DEC, 
wluch expresses a tmique -y!a TcR, V-yS TcR [3 ,4). In our present 
study, w e have clearly shown that these VyS + y/8 T cells express 
E-cadherin. Recently, by analyzing the cells migrating from organ-
cultured murine slcin, we have demonstrated that murine slcin also 
contains V-yS - -y/8 T cells, and succeeded in exp<mding these V-yS -
-y/ aT cells in a co-culture with CSC [8, 9). In this study, using these 
V-yS - -y/8 T cells, w e exanl.ined th eir expression ofE-cadhet;n. In 
contrast to the strong expression of E-cadherin on V-yS + -yl a 
T cells, we have found that E-cadherin is not expressed by V-yS -
-y/a T cells. 
V-yS + y/ a T cells are be lie ved to be derived from the first short 
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wave of fetal thymic ontogeny, in which Vy5 TcR are selectively 
expressed [3,20,21). On the other hand, VyS - y/8 T cells, which 
have been demonstrated to use Vyl, Vy2, or Vy4 chain and all the 
V8 chains without any predominant pattem [8), are supposed to 
derive from the second or third wave or to be a product of 
extrathymic maturation [22). According to a study by Lee eta/ [23), 
most day-14 and essentially all day-16 fetal thymocytes expressed 
E-cadherin , whereas the proportion of fetal thymocytes expressing 
E-cadherin and the level of E-cadherin expressed by individual 
thymocytes decreased with increasing gestational age after 16 d 
gestation, and a minority of neonatal thymocytes and very few adult 
thymocytes e"--pressed E-cadherin . In fetal thymus, th e major CD3 + 
cells are VyS + y/8 T cells before 16 d gestation, whereas Vy5 - y/ 8 
T cells become predominant after 16 d gestation [20) . Therefore, 
tbe difference in E-cadherin expression between cutaneous Vy5 -
an d VyS + y/ 8 T cells seem s to correspond to their difference in 
ontogeny. 
Functionally, we found that these VyS + y/8 T cells definitely 
adhered to PAM 212 cells, in contrast to VyS - y/8 T cells, which 
showed little adhesion. In our pre vious study [8], although we 
demonstrated the presence of VyS - y/ 8 T cells in the skin, we 
could not obtain any further infonnation about their location . Payer 
et a/ [7] demonstrated the presence of VyS - y/ 8 T cells in the 
epidermis of old athymic nude mice. So far it has not been clear 
whether the cutaneous VyS - y/8 T cells w e found in young 
e uthymic mice share the same ontogeny and functional character-
istics as Vy5 - y/8 T cells in old nude mice. The lack ofE- cadherin 
expression and inability to adhere to keratinocytes demonstrated in 
this study may indicate that most VyS - y/ 8 T cells in young 
e u thymic mice arc located in the dermis. Therefore, we tried to 
demonstrate the presence ofE-cadherin-positive VyS + y/8 T cells 
and E-cadherin-negative VyS - y/8 T cells in the epide rmis and 
dermis by performing immunofluorescence staining of epidermal 
and dermal shee ts, respectively. However, the strongly positive 
staining of surrounding keratinocytes with anti-E-cadherin anti-
body obstructed our view ofE-cadherin-positive y/ 8 T cells in the 
epidermis. Likewise, we could not demonstrate the presence of y/ 8 
T cells by double inununofluorescence staining using anti-E-
cadherin and anti-Thy-1 antibody in thick dermal sheets. 
Unexpectedly, in our study, the adhesion ofVyS + y/8 T cells to 
PAM 212 cell s was not influenced by the presence of anti-E-
cadberin antibody, whereas the same procedure clearly abrogated 
the adhesion ofLangerhans cells to PAM 212 cells. At present the 
reason why the ceLI-ceU adhesion between E-cadherin expressing 
PAM 212 cells and VyS + y/8 T cells is not suppressed by 
anti-E-cadberin an tibody is totally unknown. However, in contrast 
to LC, which can easily migrate out of the epidermis i11 vitro, 
E-cadherin may not be the sole adhesion molecule for VyS + y/ 8 
T cells , which scarcely migrate out of the epidermis. It is possible 
that there are other adl1esion molecules that mediate their adhesion 
to keratinocytes. 
In addition to E-cadherin, we also studied vitronectin receptor a 
and a4 integrin expression on Vy5 - and VyS + y/8 T cells. In 
contrast to their difference in E-cadherin expression, both cultured 
VyS - and VyS + y/8 T cells expressed vitronectin receptor a, but 
not a4 integrin. Roberts el a/ [10] demonstrated that y/ 8 T cells, 
using Cy4 and V86, express vitronectin receptor as an accessory 
molecule for their activation. Our results in the present study 
suggest that vitronectin receptor also serves as an accessory mole-
cule for Vy5 + T ceLls. In our co-culture system with CSC, which 
signifi cantly enhanced the growth of both Vy5 - and Vy5 + y/8 
T cells, vitronectin receptor may play a crucial role in their 
proliferation . We have reported that, when epidermal LC are 
cultured i11 11itro or activated with haptens i11 11i11o, they express a4 
THE JOURNAL OF INV"ESTIGATIVE DERMATOLOGY 
integrin, which suggests the possibility that a4 integrin m ediates the 
migration of LC from the skin to the regional lymph nodes [12). 
The lack of a4 integrin expression on cutaneous y/ 8 T cells 
suggests that their behavior in migration is different from that of 
LC. 
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